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For the full text of this licence, please go to: http://creativecommons.org/licenses/by-nc-nd/2.5/ Indeed, few theories of subglacial bedform genesis are yet to explicitly engage with empirical data 25 on their shape and size. One that has made predictions of bedform dimensions is the instability 26 theory (e.g., Hindmarsh, 1998 forms. Finally, in Section 6, the selection of the exponential-based parameterisation is discussed 44 and initial thoughts are offered on implications for the process of drumlin genesis. exclude them. They should also not, if possible, depend on sample size or arbitrary choices. For 114 utility, it is also desirable to have as succinct yet complete a description of the distribution as the mean is affected in the first order by the steepness and length of the right-hand tail (e.g.,
129
Fig. 1a), the location of the 'roll-over' at the mode, φ, and any outliers. Thus, this ensemble 130 of metrics is somewhat unsatisfactory, primarily because smaller bedforms may be substantively to subglacial bedform data through different plots of L for one data set relating to one type of 143 bedform.
Through the production of a semi-log histogram (Fig. 1b) of drumlins that are larger and yet below the mode (Smith et al., 2006) . So, speculatively, the existence of a well-defined modal peak is a signature of physical processes. However, its location
174
is not yet necessarily well determined, with the possibility that smaller features are not recorded.
175
As such, non-glacial factors may have a large effect on measures such as the mean, particularly for 176 mapping in areas where high-resolution DEMs are not available. 
Objective parameterisation

178
Given that bedform size-frequency distributions appear well described by a right-hand expo-179 nential decay above the mode and a roll-over to low numbers below it (Fig. 1) , a description 180 using three parameters is proposed that is designed to best represent subglacial processes, facili- (iii in Appendix), although it is not able to recover information lost during binning. In fact, data 232 digitised from published histograms were deliberately used in Fig. 2 to specifically illustrate this 233 point.
234
The fitted lines (solid lines in Figs. 1 and 2) show the efficacy of the method, and whilst the (Fig. 2b,c) . Note that no selection of a bin width is necessary.
239
This approach of fitting a line to data larger than an objectively determined value for φ overcomes 240 ad hoc criteria previously used to determine the range of data fitted (e.g., n in bin > 5; Rappaport Fig. 2c and Fig.   261 2e, respectively, using the estimation method in Section 4. To be explicit, Fig. 2 demonstrates   262 that the form applies to all glacial bedforms considered in this paper for which adequate data are 263 available for assessment with drumlins in Fig. 2a-f , ribbed moraine in Fig. 2g and MSGL in Fig.   264 2h. Tentatively, this description may also apply to flutes (e.g., H), but evidence is limited (i.e.,
265
n ∼ 50) (e.g., Hoppe and Schytt, 1953; Boulton, 1976) leading to much scatter in semi-log plots.
266
Despite the weight of evidence presented in Fig. 2 , it is important to note that the fit to the 267 right hand tail is neither perfect nor ubiquitous. Firstly, then, it is notable that the plots (Fig.   268 2) show some scatter for large bedforms, and exponentials fit imperfectly. Most data were, quite 269 deliberately, digitised from published histograms, but its presence in Fig. 2h demonstrates that perhaps forms attributed to streaming ice (e.g., Fig. 2h ) and 'typical' drumlins (e.g., Fig. 2d ).
287
In summary, an exponential right-side tail is typical, and perhaps characteristic, of till-dominated estimate λ, φ and β 0 demonstrably (Fig. 2) works on both raw data and those already derived 336 from published histograms.
337
The parameterisation proposed is entirely descriptive and non-genetic in that it is not neces- ponential right-hand tail.
410
• Semi-log plots are a useful tool with which to initially assess this since exponentials plot as 411 straight lines.
412
• The distributions may be rigorously, objectively and practically approximated by using the 413 method of moments and the Gamma distribution to estimate the mode φ, and then using a 414 maximum likelihood method to estimate the exponent λ (i.e. gradient of the semi-log plot)
415
for measurements larger than the mode.
416
• For observations below the mode, a combination of possible sampling error and probable 417 absence means that there is some uncertainty here depending upon the data type used for 418 mapping.
419
• λ is likely to reflect glacial processes significantly better than previously used metrics.
420
This description uses three parameters, rather than the selection of up to eight currently used.
421
This simplicity makes it a preferable approach to developing understanding in unresolved areas tends to an exponential at large x, but which rolls over to zero at small x, with a probability 444 density function (pdf) (Tuckwell, 1995 , , p. 62): wherek is the mean of the data (Tuckwell, 1995, , p. 329) . This fully describes the pdf of the 455 exponential distribution, which is defined by the following equation and has an area of 1 unit under 456 its curve (Tuckwell, 1995, , p. 86 and 196) . 
481
This assumed that fitted Gamma distributions become linear on semi-log plots after the mode; increases with x and λ g and so the gradient at large x is not reached on the plot; λ is systematically 484 overestimated (λ g = 0.00589 whilst λ= 0.00313 for calculations as in Section (i) of this Appendix).
485
Furthermore, this approach was not preferred since Fig. 2 a-c show that the gamma distribution
486
(dashed line) fits more poorly than the exponential (x > φ) and the fit gets poorer as α increases 487 from 1 (exponential distribution): α L =3.58, α W = 6.68, α H = 2.11. Namely, the extent of 488 over-estimation depends upon the overall shape of the distribution, which is not desirable. Using, n underlying data points, x i , the mean,x, and standard deviation, s x , of the sample are 491 calculated using standard formulae. For n data with counts, c j , of bins at x j the related equations 492 used are: 
509 which, using standard tabulations for the normal distribution (Tuckwell, 1995 
